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ABSTRACT

Determining alternative curriculum sequences is a tedious task

S

involving many individuals and analysis of large amounts of curriculum-
related information. Because these tasks are not readily reducible to

mathematical operations, and because educators and curriculum designers

are gene;ally not so inclined, compufer intervention into ihis design
iprocess has been meager. The project reported herein describes the
development and application of a model by which a curriculum may be
analyzed to determine alternative instructional sequences based upon
curriculum objectives and limiting constraints. The project's‘priﬁaryv
goal is to ultimately apply the model to the analysis and design of
instrpctional sequences for 16 closely related courses currently

-

under development by tﬁe U. 8. Navy Recruiting Command.
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THE PROJECT
1'The U. 8. Navy Recruiting Command-has undertaken theﬁ}ask of de- .
o veloping training programs for 16 individual, yet closely related Jobs |
| (or billets) within the duty called recruitipg. Although development of
" training programs is not new to the military, the approach to this partic-
ular curriculum design problem is. Due to the close interrelationship be-
! tween and among each of the 16 courses underfpevelopment, there is heavy
reliagce upon instructional sequence. Fo;.eiample, several competencies
/have been identified which over;ap in mﬁn&'of the 16 courses. Because
sucg overlaps parallel real-life recruiting practices, they were not
avoided. It is educationally sound practice to structure student learn-
ing experiences so as to simulate reality as mych as possible. Some
educational psychologists believe this produces maximum learning transfer.
However, the payback comes in the form of an increased demand on
curriculum sequencing; A non-sequitor or ill-sequenced curriculum can

damage the realism of learning experience. It can also reduce the stu-

dent's ability to internalize the concepts presented. The student may
appear to peform satisfactorily in the school environment but become

r

" disoriented in trying to perform a similar task in the real-world én-
vironment. Thus the need for véll-sequenced instruction..
The classical approach to determining-acceptable instructional
sequences has characteristically been human intuition. Such an

'\approach is time-consuming in that it seldom produces an adequate

'aequence on the first attempt. Additionally, considerable work is
involved with each iteration. In this current project, intuition is
- pimply not sufficient for the task of aligning 16 courses into a uni- |

fied sequence.
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In any curriculum design problem, there are a myriad of variables

which may dramatically affect the ultimaté instructional sequence.

However, a model exists in the literature which is capable of dealiné
with complex systems of interacting var‘iables.1 This model, known
as Interpretive Structural Modelihg (IsM), has been successfully applied

to the sequencing of process elements in a number of,désign projects

in the fields of engineering, agriculture and a host of other complex

scientific and social problems.2 Unfortunately, ISM has seen limited
use in the field of education as a tool for planning and design. In
fact, this writer has found only one such use. This has been accomplished

3,4 It is the intent of this

primarily by Sato and his cblleagues in Japan.
project to adapt ISM to the instructional sequeﬁcing problem and build
upon the work that has already been done in this area with the hope

that successful development here may spawn more educational uses of ISM

in this country.

As the initial project report, this paper will present some basic

“theory underlying the ISM concept as well as a method which shows great

promisewin assisting the cgrriculum designer in determining appropr%f
alternative instructional sequences. ‘\
AN
COMPLEXITY IN THE DESIGN PROCESS

The instructional systems approach, or any systematic approach tp
instructional design for that matter, is anchored in mathematical
modeling. It has long been recognized that a systems approach to ins-
tructional development is patterned after the scientific mcthod5 which

is in itself a modeling approach§
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The question then arises as to why the design of instruction is not .
treated by a mathematical approach to approximating the shape and

scope pf a curriculum! In their text, Programmed Learning in Perspective,

the authors allude to the mathematical character of curriculum. They
describe a quasi-mathématf&al technique (termed the matrix‘technique)
which is useful in determining optimum unit sequencing within programmed
instructional materia.l.7 Davies further generalized tﬁ;s procedure,
demoﬁstrating its utility in optimizing preséntation sequences for ob-
Jectives of an entire coﬁrse of instruction.8 The logical extension

of this work leads one to believe there may be a method by which a com-
plex curriculum composed of disj)ointed competencies mighé bé alternatively

sequenced.

\
Successful instructional design models call for some sort of deter-

mination of sequence at some time buring the design process. Often this
1
is achieved through construction o% objective trees (or hierarchies).
In fact, instruction in the building of such hierarchies is often in
great detail 9-— testimony to its importance in the instructional design
process. To anyone familiar with such a task, it is immediately obvious
that instructional hierarchies are complex structures not only to build,
but also to interpret. The casual oﬁserver is often unable to visualize
the many possible sequencing strategies from the maze.of lines displayed.
Such insight requires a knowledge of the course content and at least
some grounding in basic learn%ng psychology. Yet, even if this prior
khowledgé is mssumed, thg task of choosing an appropriate sequence from
all the possible sequences displayed on the hYerarchy is still not easy.
Mathematical modeling and operations regearch provide some interesting
algorithms, however, wvhich demonstfate the pbtential to essist in solving

complex instructional sequencing problems.

3
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In their paper Unified Program Planning, Hill and Warfield describe

‘a method of reducing complek systems of elements (in our case, objectives)

into a matrix'wh{ch describes their mutual relationships.lo They call
this a sel§-interaction matrix because it contains information relating
to the interaction of each element with itself and the others in the
system. The authors define such a matrix as containing enough infor-
mation to construct an obJectives tree.

For this project, their matrix method is used in developing an ob-
Jectives hierarchy; from an initial set of course objectives. The worth
of this matrix meth&d is in its ability to produce a hierarchy which
actually contains more igformation than hierarchies develoééd by other
means. As an example of the kinds of information stored, and generally
gleaséd from typical objectives trees, consider the hiérarchy of a hypo-

thetical curriculum containing 15 interrelated objectives as shown in

Figure 1 below.

aszeriox |
".;, -
;|rscTIvE 4 st 3
ancnm » ;aacTTIYE 9 ancnvt 18
amscrm 1 asacTIVE 13

Figure 1. An objectives hierarchy containing 15 interrelated objectives

for a hypothetical curriculum.

4




«-Several bits of information are implicitly stored in this hieraichy.
For example, OBJECTIVE 1 appears to be the terminal objective for the
curriculum. That is, all other obJecfives ;1ther directly or indirectly
terminate at OBJECTIVE 1. Also, OBJECTIVEs 3, 8, 10, 11, 12, 13, '11; and
15 afe at base levels with no supporting objectives. Thus, these are
ideal starting pofnts for sectiong or modules of instruction. Yet
another b{t of information available from the hierarchy is implied by
the arrows connecting the various objectives. Their pattern indicates
the existence of partitions between objective clusters (though such ‘
partitions are purely arbitrary). For example,.one such partition
could be OBJECTIVEs 11, 6, 2 and 1; another, OBJECTIVEs 13, 12, T, 2
and 1; another, OBJECTIVEs 8, 4, and 1; still another, OBJECTIVEs 15,
14, 9, 5, and 1; etc.“&Although such partitions are arbitrary, these
groupings give some indicatioﬁ of the amount of infor@ation potentially
stored in an objective hiera;éhy. All these bits of énformation taken
together represent a detailed picture of how each objective interacts
with all the rest in this particular hypothetiqalmcurriculum.

Yet, A completel; different class of intéfhctions exists which
also come to bear on & curriculum. This class contains such instruction-
related items as resource constraints (money, manpower, and‘time), student

f
needs, types of leérning activities available to students to meet course

-

obJjectives, typesf;nd timing of measurement tests, etc. Each of these has
an effect on whether or not a given instructional sequence will work

7 effectively. Hovever, these interactions cannot ﬁe stored or displayed
on a typical,obJectives‘hierarchy, such as that in Figure 1. EVén by
looking at the hierarchy, it is impossible to discern if such interactions

were taken into consideration in the hierarchy's development.

-~




of }ourse, this information could be superimposed onto the ﬁierarc'hy;
however, this could very easily complicate the diagram to the point

that interpretation becomeg impossible. The.reason for this is that
there seems to be an upper limit on the amount of i;formation that one
human can process and operate on at any given time. "Research tentatively
shows that the amount of information man is capable of processing is
limited, and more data...do not necessarily increase the quality of
decisions in the same proportion."12 It must be made clear at this
Juncture that the self-interaction matrix is not intended to replace

the objectives tree, but only to enhance it. "The self-interaction
matrix...is not as clear as the objectives tree for viewihg the relation-
ships among objectives, but it incorporates significant advantages

in rélating objectives'to constraints, aLtérables and needs" inherent

in the instructional Bystem.13 Thus, iﬁ this project, both the matrix
and the objectives tree are utilized to their maxim®inr advantages.

In actuality, the curriculum designer, the teaching staff, and the
management personnel each recognize a different set of such interactions
as mentioned above which impact on the curriculum. Thus,hﬁhe designer
must spend considerable time with teachers to develop an instructional
hierarchy which takes into account as many of the ancillary interactions
as pdssible. And when they finﬁlly cbme‘to an agreement on a reasonable
teaching sequence, they may find (toutheir dismay{ that the gdministration
rejects the plan because of some constraining factor neither the designer
nor the teachers knew about. Such situations are common and illustrate
the need for a model which can contain and process much more curriculum-

- .

relevant information than is currently possible. The major requisites

of such & model would have to be: convenience, simplicity and utility.

’ Ly
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Convenience can.be describe@,aé the ease of appiying the model to
the design problem. Simplicity refers to the quantity of information |
that must be provided by the user for the model's operation. And utility.
can be expressed as the model's adaptability to a general class of
curriculunm design problems — fr_oxﬁ«the. relatively simple task of se-
quenéing information within a progrdmmed text to the highly complex

task of determining the sequence for effective learning in a spirnaled )

"K through 12" educational network. IEM, the model used in this project,

possesses these primary requisites in Varying degrees eand is thus a %ikely‘

candidate for the curriculum design problem. |
-~
CHARACTERISTICS OF A BINARY MATRIX

Before detailing the results and current status of the project, we
should first clarify the terms used. ' The liperaturé‘on the subject is J*
primarily mathematicai. For this discussion, the mathematics have been
simplified in some places, and eliminated altogether in others. In its
place, intuitive arguments have been used. ‘Readers interested in the
actual mathematical derivations are referred to the work of harfield.lu

A binary matrix is a square array of elements whose values are either

1l or, 0. If all the main diagonal elements (from upper left to lower right

in the array) are 1s, the matrix is said to be reflexive. Thus, an
irreflexive matrix has some Os on 1ta<efio‘diagonal; An irreflexive
matrix must be made reflexive in order to be analyzed by §he IsM matiix
method. Fortunately, this is easily accomplished by adding to the irre-

" flexive matrix an idedtity matrix. This is also a binary matrix with 1s

along the main diagonal and Os everyvhere else.
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The rows of a matrix are usuaily réferred to by the letter 4,

vhile- the columns are usually referred to by theVletter §. Every m#trix

’

element occupies a position which 1s at the intersection of a row and

.

column. Thus, any arbitrary element of a matrix can be referred to as

the (4,4f) element. : : N ‘

If a matrix element (4,§) and its "mirror-image" element (f,4) are-

»

the same value (either 1 or 0), then the matrix is said to be symmetric.

The Regree of symmetry depends upon how many elements (L,j;\hrgﬁhatched

N

to their "mirror-images". To illustrate this more clearly, ‘note the -

t-

'mirror-imége‘quality in the binary matrix in Figure 2 on both sides

- o
of the main diagonal. For clarity, the zeros have been removed.

IS

ws W -

Figure 2. Mirror Image Symmetry Above and Below the Main.Diagonal (dashed)

’
W binary matrix_may have a few assymetric péinte and still be con-
L} . a

sidered symmetric for purposes of this method if the number & aasymetrid

.points are small. In reality, an assymetric matrix yields the best instruc-

tional hierarchy. Thus, the degree of assymetry in the matrix determines
. :

the richness of the f@aulbing hierarchy. However, this depends upon the
nature of-the. objectives under consideration and the nature of the inter-
actions among objectives - both of which are dependent on the type of

+

curriculum being designed.

=




‘l

T . TRANSITIVE RELATIONS AND DIRECTED GRAPHS . ,

’

- In determining an appropriate curriculum sequence, considerable

4
\ .

thought must be“giuen to how each instructional objective relates to

»

all other objectives in theffurriculum During the so-called "front-end
analysis" phase of a design project, relat1onsh1ps between what the student \
needs anq whait the curriculum wiliﬂeffer to meet those needs are more , y

11ke1y to be philisophical intuitions than r1gorous proofs. The mathe-

R

matical character of I8M, however, requiyes a more detailed analysis of
such relationships. These relationshlps are logical rather than mathe-
matical.

Consider the logical relationship among three objectives (a, h, and ¢)

n

. N -
as illustrated in Figure 3. Figure 3A shows that objective a relates to .

objective b, and that b relates to c. However, objectives a and c are

not directly releted to one another. Clearly, if objective g_wefe re-

moved from the curriculum, objectives & and ¢ would exist as isolated

entities.” Such a relation among objectives is called intransitive be-

- " cause there is no.direct relation or, or connection, between objectives

a and c.

Figure 3. Two Types of Relationships Among ObJectiveg a,'b, and c. - -




Figure 3B, on the other hand, indicates that all objectives are directly
related'to.each other. If any one of them is removed, the‘remaining.two _
| are still linked together through a binding relationship. A transitive
'relation is one in which each objective relates, or is somehow linked

to the othe?s in the group. :

Though we have used the term "relation" numerous times, we have not
yet clearly defined it. Alrelation is a phrase or term that shows how
two or more elements (or objectives) interconnect, or link, to one another.
Whether or not a relation is transitive depends not so much on what re-
lation is used, as on the situation in which it is used.

For example, consider the relstion "is contained within". If a !
"is contained within" b and if b "is contained wlthin" ¢, then it

v
" follows that & "is contained wvithin" c. " We can visuallze this relation
in Figure 4. Any objectives a, b and ¢ for which this relation holds
true is considered a transitive set of obJecgaves. It must be borne
in mind, however, that even though the nelaotion is transitive, not all
objective# will suit it.'lI} one particular relation is not transitive
acfoss an éntire set of obJecgives under consideration, a relation that

,does apply must be found. Each new relation chosen, of course, must be

similarly tested to insure transitivity within the entireuobjective set.

Figure 4. Visualization of the relation "is contained within".

10 : : )
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Some relations are intransitive in ?11 but the most specific of sit-
uations. For example, Warfield (1981), has reported that the relation
"obeys" fails the transitifity test:l? if a "obéys" b, and if b "obeys"
€, 8 ma& not necessarily "obey" c. In fﬁct; many felationé‘are situation

-
spécific. They must be carefully considered in the context of the entire
objective set. 7-V )

4

Once & transitive relation has been identified, it remains to be

.discovered how the relation specifically affects each pair of deectives.

Does, for example, the relation link objéctive a to objective b, or vice
versa? A simple exaﬁple should serve to iilﬁstraﬁe this point. Consider
the transitive relation "depends upon prion accomplishment of". If objective
a "depends upon prion accomplishment 04" objective b, then clearly, b cannot
possibiy "depend upon prion accompfishment of" bbjective.g. kIn addition to

illustrating assymetry, this example also illustrates the concept of

. directability. In the above example, an arrow could be drawn between

objectives a and b with the arrovhead point¥hg toward objective a to
show that a "depends upon prion accomplishment of" b.
If all such directed relations between obJéctives are considered, a

picture of the interactions can be obtainéd. Such a bicture is known as

a directed graph. Warfield has shown that any directed graph or digraph
possesses an agssociated binary matrix.ls A given binary matrix,‘however,
may produce a number of alternative digraphs. Apy one.of them could be

used as an objectives hierarchy to describe the interrelationships among

instructional objectives. The binary matrix needed to produce the digraph

. is called the reachability matrix.

11
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If transitive and assymetric, this matrix can be manipulaﬁed to produce
a digraph (otherwise known as an objectives hierarchy). The procedure,
described by Wa{field, reéuires the formation of tables consisting of
various*arrangementslof objectives.17 The actual procedure followed for
this project will be de;cribed in greater detail in the next section.

4

THE PROJECT'S METHOD

4

Thé‘process of generating a digraph from a set of curriculum objectives

is a-gtraight-forward approach composed of the following steps:

eq&ify the objectives of the curriculum.

ine a transitive relation which applies to the objectives
in the context of the instructional situation.

3. Place objective relations into a metrix format - termed a

self-interaction m;%rix.

. ) v 4. Manipulate the matrix into a suitable form - termed &

reachability matrix.

5. Re-order the rows and columns of the reachability matrix and

partition it to reflect hierarchial levels - termed a

modified reachability matrix. .
6. Compute a hierarchy (or digraph) from the modified reachability
matrix. - |
The curriculum design project described in this paper folloig this
six steplprocess for generating hierarchies and determining instrucfional
sequences. 8ince the approach is both comﬁlex and time consuming, computer
algorithms have been designed to perform most of this work. ' The remainder

of this paper details the process followed in the Navy curriculum project.

~
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‘Step . After the front-end analysis had been completed for the
16 courses under devé10pment, a listing of tasks required for training
were identified. And from these, a series of learning objeétiygs were,
develoéed for each course. One course was used for the pilot study in
this project.

Step 2. The transitive relation {8 necessary fo acéompﬂiAh was
agreed upon by the subject matter specialists; the curriculum désign
staff and the approving board for curriculum development.p This relation
was used in the analysis of the relatiohships befween every possible pair
of objectives. B8ince 18 obJeciives were originally identified for
training in the pilot course, 18 x 18 (=324) distinct objective pairs
were analyzed via the agreed upon relation.

Step 3. For each of the 324 objective pairs, a 1 was placed into
the corresponding cell of a matrix, if the relation vas true. If, how-
ever, the relation was false for a particular pair, a O was pléced in

the appropriate matrix cell. The self-interaction matrix which resulted

is shown in Figure 5.

e

-
-
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Self-Interaction Matrix for the Pilot Course
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Figure

Warfield describes an algorithm with which a computer caen be programmed

to'accomplish this data entry step with reduced effort on the part of

the user.l8 The algorithm has been modified for use in this project.

After creation of the self-interaction matrix of Figure 5, it was
loaded into a BASIC language microporcessor via a prompting routine

developed by Orwig. The flowchart of this routine is shown in Figure 6.
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descriptors and
the corresponding
matrix

2.
3.

Choice:

Save matrix

on disc
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Step 4. The self-interaction matrix of Figure 5 must be manipulated

into a reachability matrix before further analysis can be performed. This

manipulation involves raising the self-interaction matrix (A) to successive
povers (squared, cubed, etc, by Boolean multiplication);until the follow-
ing equality is met: A" = b An algorithm used to accomplish this
mltiplication process is presented ih:flowchart form in Figure T.

(A flowchart of the entire cqyputer program developed by the authors
appears in the Appendix). According to'theoék? if there are N objectives
in the matrix, the reachability matrix will be derived in N-1 or less

19 The self-interaction matrix for the pilot course (Figure 8)

iterations.
was converted to reachability form in four iterations. In other words,

the matrix of Figure 8 multiplies out in four iterstions to form the
3 L

reachability matrix in Figure 9, which satisfies the equality: A~ = A .
Objective Number : v
.o b 11111111
1234567890123 456178
1 100001100010011010
0 2 010100000000001000
b 3 001010000000000000
3 N 000100000000001000
e 5 001110000100100000
c 6 000001000000000000O
t 7 00001011'0010011011
i 8 0000101'10110010000
v 9 001010111000010000
e 10 0O00000000010000010
11 000010100011010010
N 12 000000000001 001000
u 13 001110001100100000
m 14 000010100000110011
b 15 00000000 0000001000
e 16 000000000001001100
r 17 000000000100000010
18 0O00000001000000001
Figure 8. The Belf-Interaction Matrix of Figure 5. ™




Aruitoxt provided by Eic:

Initislly,
set C(N,N)
equel to
A(N,N)

Dimension
A(N,N) C(N,N))
PR(N,N)

-

ﬂ For Wel ts:ﬂ

e e

For to N

T

PR(L,W)=
A(L,J)%C(J,W)

1< Hoxt'l
| IaN
© WCN N
Next W

ERIC

Trenefer PR(N,N)
to C(N,N) end
cleer. PR(N,N).
Reiterste till
el]l alemente of
PR(N,N)=C(N,N)

Print Metrix
PR(N,N)

Figure 7. An algoritham to convert a self-interection
metrix A(N,N) into a reechebility metrix PR(N,N)
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Ste . The purpose of this step is to partition the reachability

matrix into su trices which reflect the levels within the instructional

hierarchy. The res ing partitioned matrix will be the reachability
matrix modified by row and colum interchanges. To determine the eventual
order of this interchange, a table is created which contains a |
reachability set, an antecedent set and the product (or intersectidén)

of both sets.

Objective Number

11111111 .
1234567890123 456T7

1 101111111111111011
0 2 010100000000001000
b 3 001110111111111011
J L 000100000000001000
e 5 00111011111111101.1
c 6 000001000000000000O0
t T 001110111111111011
i 8 001110111111111011
v 9 001110111111111011
e 10 001110111111111011 \

11 001110111111111011 A
N 12 000000000001001000
u 13 001110111111111011
m 1L 001110111111111011
b 15 000000000000001000 )
e 16 000000000001 001100
r 17 001110111111111011

18 001110111111111011

Figure 9. The Reachability Matrix Derived From the
Matrix of Figure 8. :

The reachability set for element 1 is found by inspecting row 1
of the reachability matrix (Figu;e 9). Every 1 in.row 1 corresponds
to a cofumn index, and every such column index will be in the reach-
ability set of element 1. To find the antecedent set of element 1;
inspect column 1. To every entry of 1 in column 1, there is a corre-
sponding rov index; and the set of such row indices is the antecedent
set of columm 1.
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Each row and colum is similarly considered in turn thus producing a
table of reachability and antecedent sets for each row of the matrix.
In Figure 9, the row and column indices (1-18) are used to identify

£§Z‘réspective elements of the reachability and antecedent sets. Table 1

.

is constructed from Figure 9 by inspection.

From Table 1, it is immediately apparent that the only rows for

which the set product equals the reachability set are rows 6 and 15.
These two rows are therefore removed from the table along with all

references to numbers 6 and 15 everywhere else in the table. Thus,

7
l”

rows 6 and 15 from the reacH;bility matrix (Figure 9) become the first
two rows of the modified reachability matrix. These two rows will be '
considered the top level in the instructionsl hierarchy (or digraph).
Ordinarily, the references to rows 6 andklskcan simply'be erased
from the tabl;, and the next iteration begun. For the purpose of
illustration here, however, each new (reduced) table will be enumera£ed.
Removal of all 6s and 15s results in the reduced form of Table 2.
This time, the reachability set R(s) and set product columns match for
rovs 4 and 12. As before, these rows are removed from the table and
the reachability matrix to become the second level in the modified
matrix. Again, removing all references to I and 12 from the above
table results in the formation of Table 3.
From Table 3, the third level of the modified matrix is shown
to be composed of rows 2, 16, 3, 5, 7, 8, 9, 10, 11, 13, 1k, 17, and
18. Deleting all these refefences from Table 3 results in the formation

of Table k.




Table 1.

Q Reachability Table

ROW _ ‘ . SET PRODUCT
INDEX(S) | REACHABILITY SET R(S) | ANTECEDENT SET A(S) | R(S) N A(S) ,
| 1345678910 \ )
11 12 13 14 15 17 18 1 1
2 24 15 2 2
3457891011 135780910 35780910
3 12 13 14 15 17 18 11 13 14 17 18 11 13 14 17 18
A 1234578
4 15 9 10 11 13 14 4
3457891011 Y| 13578910 3578910
3 12 13 14 15 17 18 11 13 14 17 18 11 13 14 17 18
6 6 16 6
; 3457891011 13578910 3578910
12 13 14 15 17 18 11 13 14 17 18 11 13 14 17 18
8 3457891011 13578910 3578910
12 13 14 15 17 18 11 13 14 17 18 11 13 14 17 18
3457891011 13578910 3578910
9 12 13 14 15 17 18 11 13 16 17 18 11 13 14 17 18
] . . .
. 3457891011 135780910 3578910
10 12 13 14 15 17 18 11 13 14 17 18 11 13 14 17 18
3457891011 13578910 3578910
11 12 13 14 15 17 18 11 13 14 17 18 11 13 14 17 18
1‘ 1357891011
2 12 15 12 13 14 16 17 18 12
:A“l’ 3457891011 13578910 3578910
3 12 13 14 15 17 18 11 13 14 17 18 11 13 14 17 18
» 3457891011 13578910 35780910
12 13 16 15 17 18 11 13 14 17 18 11 13 14 17 18
s 123457891011
15 12 13 16 15 16 17 18 | 15
16 12 15 16 16 16
; 3457891011 13578910 3578910
1 12 13 14 15 17 18 11 13 14 17 18 11 13 14 17 18
, 3457891011 13578910 3578910
8 12 13 14 15 17 18 11 13 14 17 18 11 13 14 17 18
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Table 2, Reduced Table : Level 1 Removed

ROW SET PRODUCT
INDEX(S) | REACHABILITY SET R(S) | ANTECEDENT SET A(S) | R(S)N A(S)
- 1345 78910
1 11 121314 17 18 1 1
: 2 24 2 2.
’ 3457891011 13578910 3578910
( 3 121314 1718 11 13 14 17 18 11 13 14 17 18
. 1234578
4 4 9 10 11 13 14 4
; 3457891011 135780910 35780910
5 12 13 14 15 17 18 11 13 14 17 18 11 13 14 17 18
34578091011 135780910 3578910
7 12 13 14 17 18 11 13 14 17 18 “11 13 14 17 18
5 ‘1 3457891011 135789 10 35780910
12 13 14 17 18 11 13 14 17 18 11 13 14 17 18
34578091011 135789190 35780910
9 12 13 14 17 18 11 13 14.17 18 11 13 14 17.18
— ’
3457891011 13578910 35789 10
10 12 13 14 17 18 11 13 14 17 18 11 13 14°17 18
: 3457891011 13578910 3578910
1 g2 1314 17 18 11 13 14 17 18 J11 13 14 17 18
-~ 'QF ‘ = ‘
A 1357891011
2 12 12 13 14 16 17 18 12
3457891011 13578910 35780910
13 12 13 14 17 18 11 13 14 17 18 11 13 14 17 18
. 3457891011 13578910 3578910
1 12 13 14 17 18 11 13 14 17 18 11 13 14 17 18
16 12 16 . 16 16
. 3457891011 13578910 35780910
12 13 14 17 18 11 13 14 17 18 11 13 14 17 18
8 3457891011 135780910 3578910
12 13 14 17 18 11 13 14 17 18 11 13 14 17 18
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Table 3. Reduced Table - Level 2 Remove_dr .

3
) oy : ST PRODUCT
I/'% DOEX(S) | REACHABILITY SET R(S) | ANTECEDENT SET A(S) | R(S)N A(S) .
L ' \ 13 s 78910
11 1314 1718 1 1
2 2 2 2
"y 3 Sr891011 r}’sremsilo 38578910
. 1314 1718 1113 14 17 18 111314 17 18
3 s189100 13378910 38578910
S v v 1113 14 17 18 11314617 18
, LY srssiom 133780910 3578910
1314 1718 1113 141718 11113 1417 18
- . 3 sr8%u0m 135780910 3ST8 9010\
"1) 14 17 18 11 13 14 17 18 1113 14 17 18" "
y -| 343789101 13578910 _[.3s7r80910
1213141517 18 1113 1417 18 111131417 18
o 3 srevi0m 13378910 3sS78910
14 e 1113 14 17 18 1113 14 12 18
" 3 srevi10m1 13578910 T3srev10
) 1314 1718 11131417 18 111314 17 18
1 3 srev10n 135780910 3578910
114 170 1113 14 17 18 11131417 18
: 1 3 Sr89101 13578910 3578910
I 1314 1718 11131417 18 RIRLEVNIATINNG
. T3 16 16 ) 16
. r hd
3 37891011 13378910 3578910
. 1314 1718 11 13 14 17 18 1113 14 17 18
- 3 sr1e910Mn 138780910 3578910
' ' 10 1314 1718 1113 14 17 18 1113 14 17 18¢

~

\Nofe.that only row 1 remains to make up the fourth and final level

of the modified matrix. The resﬁlting‘modified'matrix is shown in
figure 16. The heavy black squares clarify various submatrices. which
denote the four levels identified ffom the .tables. RKRote that both row
. and column deaignationa in the modified“mat;ix haveAbeen identically
interchanged:~‘iaia is automatically accomplished by the computer

algorithm.

O ‘ { : . :) »
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.Table 4. Reduced ‘Table - Level 3 Removed

ROW . . | SET PRODUCT
INDEX (S) REACHABILITY SET R(S) ANTECEDENT SET A(S) R(S) N A(S)- -
1 1 1 1

-‘Objective Number ’

1
Y

1 11 111111
0 " 564L22635789013L4781 )
b
315 100000000000000000 }._Level 1
e 6. 01]J0000000000000000
, c L 10[]10l00000000000000 }__Level o .
t 1 11 0J01j]0 0000000000000 .
it 1031 0[]0 000000000 00}Jof
v 1 1°N1°@E£9999999££° ’
e -3 10911J00§)11111111111}o
5 1 041 1}0 0:1 1111111111§0
N 7 . 110911§J002 2111211111 1jo
u 8 10110012 2111111111}0
m 9 10m11footr1111111111 1}0 p-Level 3
b 10 1 091 10 0:1 111111111 1}0
e 11 10011400,111111111110
r 13 10011]100j1 121111111 1{0
14 10911/00,11111111111}0
- 17 10 1100;1.1111111111}0
18 |1 of;-l 00;11111111111f0 )
. 1 1'111J001 1111111171 71JL}~TLevel 4 \

: Figure 10. The'Modified Reachability Matrix Containing
Four Hierarchiai Levels o .

~

The dashed lines within the levei/é submatrix identify constituents,

or interior links, within the level. The largest of the three
constituents is called a univérsai submatrix bgcagsg itﬁcontainsnail

1s indicating that each of Fhe assgc%gted obJectives in that submatrix
are mutually reachable to and from each 6thér. In fhé*literature, this®
is more commonly inoﬁh és a maximal Cycle.ﬂ The dashed'liﬁéé t; the left
of each of the fou; heayy-lined submatrices outline what wé in thé pro-~
=Ject have termed communication submatrices which eééentiéllx describe

‘;*_:;‘ how one level cammunicates with the lé;;l above it. These submatrices be-

come useful in determining paths in the eventual digraph.
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- Step 6. At this step, all required information exists in the
mbdiﬂied:reachabilityImatrix to compute the digraph. Warfield has

noted that a given reachability matrix does not produce & unique

S 20 . : . .
~ digraph. This implies that more than one digraph can be construct-

ed from the reachability matrix of Figure 10. All the digraphs

constructed in this p;ojéct are generalizéd digraphs which are
actﬁally coﬁﬁosites of all the possible‘digraphs.contaiﬁgd in the
reachaﬁility matrix.

The_construction-method is illustrated using Figure 10 for
reference.. The following illustration represents the process used
to manually construct the digraph from the modified matrix. The
computer algorithm accomplishes this entire process in a ménner
which is trnansparent to the user. The process is pfegented here fér
those who wish to develop their own algorithms. 4

‘Begin‘by Jaying out each of the four levels identified by the

heavy-lined submatrices (levels) and starting at the bottom of the

matrix. Level 4 contains only row 1. Level 3, the largest level,
contains rows 2, 16, 3, 5, 7, 8, 9, 10, 11, 13, 1k, 17, and 18.
Level 2 céntains rows U4 and 12. And Level 1, the highest level,
contéihs rows 15 and 6. By referring to the déshed submatrices
(coﬁmhnicétion submatrices) to the left of each level submatrix,
connecting paths between the objectiyes of one level and the ob-
jectives of eﬁch,higher level on the hierarch& can be détermined.
For examplé,.the level h-cbmmunication submatrix (bottom row

5 - - :
in Pigure 10) has the following pattern: (0011111111111).
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This pattern matches the patterns of rows 3, 5, 7,'8, 9.W}Q, 11, 13, 1k,
17, and 18 in the third levei. Thus,’a connecting path from objective
1 to éach o(ithose mentioned above can be drawn on the digraph:. RNote
here thax_n§ connecting path exists between objectives‘I and 16 or 1
and 3 because their communication patterns do_hot match.

On 1éve1 3, there are three separate parts (or con#iiiucntb)
- within the lével. One constituent is composed of objective 2; another
is composed of objective 16;'and the third is composed of objectives
3, 5, T, 8, 9, 10, 11, 13, 14, 17, and 18. As stated earlier, this
third constituent is called a Eaximhl cycle., Thus, interconnection

paths can be drawn on the digraph between objectives 3, 5, 7, 8, 9,

10, 11, 13, 1k, 17, and 18.

To get from level 3 to level 2, the level 3 communication submatrix

(the ‘dashed matrix tq‘the right of the level 3 submatrix) is analyzed
against the level 2 submatrix. Since level 3: as was shown, possesses
three separate'ﬁnd unique constituents, there are tﬁrée unique
communicétion patterns to conéider. For instance, the maximal cycle
constituent (the largest within level 3) has a communication pattern
of (1 1). This pattern matches the 1s in both row 12 and row 4 of
level 2. Thus, conﬂection paths can be dravn on the digraph from any
member of the level 3 constituent to each of objective 12 and b4 in
level 2. it is suggested here that only one member from level 3 be

_ conn?cted to level 2 since each member of the maximal cycle is already
connected to all others in that conétit;ent (by virtue of it being a
maximal cycle set). In addition, a single connecting path allows

the resulting digraph to appear considerably more simple.

25

o0
O




"However, the choice to do, or not to do, this is completely arbitrary.
Also in level 3, the row 16 commnication pattern (0 1) matches anly
rdg i2 iﬁ lével 2; while row 2's communication pattern matches only
row 4.  Thus, two more connecting paths can be drawn. Continuing in
.this manner, a copplete digraph.can be drawn to represeni the reach-
ability matrix. The finished digraph is shown in Figure 11.

&e should'digréss here for a moment to make an important point;
Tatsuoka contends that a digraph can be constructed merely by analyzing
the self-interaction matrix (he terms it the adfacency matméx)?l This
writer, however, believes that although Tatsuoga's contention is valid
and logically consistent, the adjacency matrix contains only eﬁough
information for one un;que digraph, whereas,‘the reachability matrix
yields a moré generalized digraph. In a manner of sﬁeaking,»the reach-
abilitj matrix is a compositg of a family of adjacency matrices. This
is intuitively truevsince_the reachability matrix is computed. by raising
the adjacency matrix to consecutive powers. . ‘?

This can also be shown mathematically. Take, for example, the
number 16. There are two numbers who consecutive p{oducts will equal
16 - they are, of course 2 (2x2x2x2) aﬁd 4 (4xk). Both consecutive
products result in the same number - 16. However the original numbers
2 and 4 are obviously not the same. Assume for the moment that 2 and 4
are adjancency matrices. Each will yield a certain digraph with uniqu
interconnecting paths. They may turﬁ out to be idgnticgl. But, chanceg
are they will each be slightly different - one containing perhaps more
paths than another. However, 16 can be thought of as a reachability

matrix since it is a muiltiple of 2 and 4, and will therefore produce a

digraph containing all the paths produced from 2 as well as k.
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Figure 11. A Digraph for the Pilot Curriculum




Thus, the reachability matrix is said to produce a composite or generalized
digraph.
' A digraph computed from the adjacency matrix will undoubtedly be
more simplified than one derived from ghe reachabiilty matrix, although
the level of 9omplexity does not begin to become a hinderance until
very large numbers of objectives (LO or more) are to be manipulated.
In other words, the digraph derived from the reachability matrix will

usually contain more paths than that computed from the adjacency matrix.

Each path’ on the digraph can be thought of as a legitimate transition

o

from one objective to another within the curriculum. Looking at the
digraph in this way, one can begin to see that by developing such a
transition-laden digraph yields a more fertile daga base from which
alternative instructional sequéﬁces may be‘derived. With that, we'll
return to the project description. |

In the pilot project, it wes recognized that the digraph of Figure
11 could be redrawn to yield more meaningful information to the curricu-
lum designer. This alternate digraph is shown in Figure 12. Note in
this figure that the maximal cycle constituent of level 3 is represented
by a bi-directional circle interlocked via objective 1. From the view-
point of the acutal course curriculum there is, in fact, a great deal
of coherence among objectives 1, 3, 5, T, 8, 9, 10, 11, 13, 14, 17
and 18. Thgs, it ig not coincidental that such a pattern has emerged.
Note also that objective 6 can only be reached by objective 1. There-
fore, any instruction concerning objective 6 must rely onwinformation
presented during instruction on objective 1 - if, that is, the students

are to see a logical transition from one lesson to the next.
N v

v




Figure 12. ALTERNATIVE DIGRAPH FOR PILOT CURRICULUM
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Since Objectiv;s 1 and 6 appear isolated from the rest, instruction
relating to these two objectives could very easily form a module of
instruction. Indeed, other modules begin to emerge from the -digraph
upon closer inspection. It will be left to the reader to discover

other such modules.

This, in and of itself, is. a remarkable tool for the curriculum

;
;

designer - to be able to identify "natural" groupings of obJectivés /
via mathematical analysis.' However, this is merely a fringe benefiibof
the ISM procedure as we have designed it. As the computer analyzes the
reachability matrix and its communication patterns, a data base is
formed which contains all possible legitimate transitions from any
given objective to any other. Once computed, this data base is us;d
for comparison with a user's transition selections. A user can, in fact,
experiment with various instructional sequences - transitioning from one
objective to another until an entire course is created. By comparing
user-selected transitions with the permissible transitions stored in
memory, the computer will inform the user if a particular instructional
sequence is, or is not, advisable. It will even printout the sequence
created by the use; in hard copy, if a printer is attached. Figure 13

is an actual, though partial, computer printout of the interactive in-

structional sequence creation routine.




i

[WITH WHICH OBJECTIVE WOULD YOU LIKE TO START THE SEQUENCE? 1

!
;THE FOLLOWING TRANSITIONS ARE ADVISED. CHOOSE ONE OR ENTER ZERO TO

]
END THE SEQUERCE:

3578910111314 17 18 ? 7

OK. 1-»T

THE FOLLOWING TRANSITIONS ARE ADVISED. CHOOSE ONE OR ENTER ZERO TO

END THE SEQUENCE:
3589101113 1k4 17 18 7 3

OK. l-»T-$3

THE FOLLOWING TRANSITIONS ARE ADVISED. CHOOSE ONE OR ENTER ZERO TO

END THE SEQUENCE:
Ls 789101112 13 14 17 18 . ? 4

OK. 1-T-»3-l

THE FOLLOWING TRANSITIbNS ARE ADVISED. CHOOSE ONE OR ENTER ZERO TO

END THE SEQUENCE:

15 7?2

THIS OBJECTIVE‘IS OUT OF SEQUENCE. DO YOU STILL WANT TO SELECT IT

(YOR N)? Y

OK. HOWEVER, IT WILL BE FLAGGED TO REMIND YOU IT'S OUT OF SEQUENCE.

1-07-»3-014 ‘

THE FOLLOWING TRANSITIONS ARE ADVISED. CHOOSE ONE OR ENTER ZERO TO
» R

END THE SEQUENCE:
L 7 L
OK. 1-»7-»3-.&014

THE FOLLOWING TRANSITIONS ARE ADVISED. CHOOSE ONE OR ENTER ZERO TO

END THE SEQUENCE:

15 1 8

FPigure 13. An Interactive Instructional Sequence Dialog Between User

and Computer
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THIS OBJECTIVE IS OUT OF SEQUENCE. DO YOU STILL WANT TO SELECT IT
(YORN)? Y ‘ o |
OK. HOWEVER IT WILL BE FLAGGED TO REMIND YOU IT'S OUT OF SEQUENCE
1+7+3-»hh ' v

THE FOLLOWING TRANSITIONS ARE ADVISED. CHOOSE,ONE OR ENTER ZERO TO
END THE SEQUENCE: |

35 7 9 10 11 13 14 17 18 7 18 “.

ok. 1-+7-»3-ska{2]elus{E]s18

THE FOLLOWING TRANSITIONS ARE ADVISED. CHOOSE ONE OR ENTER ZERO TO
ERD THE SEQUENCE:

35 7T 8 9 10 11 13 14 17 -7 16

THIS OBJECTIVE IS OUT OF SEQUENCE. DO YOU STILL WANT TO SELECT IT
(YORN)? Y

Fab )

OK. HOWEVER IT WILL BE FLAGGED TO REMIND YOU IT'S OUT OF SEQUENCE.
l-’7-3-»h¢l!}ﬂhﬂ!l018$1li

THE FOLLOWING TRANSITIONS ARE ADVISED. CHOOSE ONE OR ENTER ZERO TO
END THE SEQUENCE:

12 7 0

OK. HERE IS THE CURRICULUM SEQUENCE YOU HAVE CREATED:

1-»T7-+3 ahh 18-0@]

DO YOU WANT TO CREATE ANOTHER SEQUENCE (Y OR N)? K

OK. BYE FOR NOW.

Figure 13. An Interactive Instructional Sequence Dialog Between User

and Computer (Continued)
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LIMITATIONS WITHIN A CURRICULAR SYSTEM

Naturally, the ultimate decision as to hqﬁ a curriculum is to be

" arranged rests with the managers or administrators of the curriculum.

It has been this writer's experience that a major deficiency of front-
end analysis is the inadequate attention paid to the interplay among
the numerous internal and external constraints and limitations placed
upon a given eurriculum. Limitations such as facilities, personnel,
time; money,‘social factors, etc., if not anticipated in advance of
establishing a curriculum sequence, could result in the ultimate
alteration of an otherwise logical iqatrucfional sequence.

It is admittedly a complex ta;k to consider the effects of all
possible limitations affecting a curriculum without some means to

organize and manipulate very large amounts of data. The project

" described in this“paper has illustrated a method with the power tb

@

expand and acfomodate the analysis of such limitations - and thus

, produce an ultimate curriculum sequencg which is sensitive to those

.

limitations.’

The ultimatelgoal of this project is to dévelop an integrated
curriculum for 16 closely related courses. Each course possessgz
certain characteristic limitations which are either reinforced or
overcome by the remaining courses. It is desired that this project
will produce a curriculum which will rec:;éile the majority of those
limitations. Such a goal is common to curriculum designs both in the
military and civilian Qectors of education. In that respecty at least,
those of us associated with this project feel a bond with educators

in every sector of society.
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APPENDIX A

A Detailed Computer Flowchart for Developing
A Sequence Digraph From a Set, of
Curriculum Objectives




ERIC

Aruitoxt provided by Eic:

zs-.' ”
A=0
Flag=0
X=0
Y=0

Dimenaion .
A(N,N), B(N,N),
C(N,N), PR(N,N),

R(N,N), AN(N,N),

IN(N,N), Leval(N,N)

RM(N,N), Void(N,N)

Part (N)

Manual or
Automatic loa
Input M or A

Data statementt
contain matrix
elementa.

Manual matrix
creation routine
(saee Figure 6)

or Autoload
?

Read datas from
attached atate-
ments to load -
A(N,N) & B(N,N)

1

1. M

\

2. B
3.

Plot
matrix on

Set sequence array
Part(l)=1, Parct(2)
«2,...,Part(R)=N

3743

"“Choos

e an option:

snual row aequencer
iararchy conatruction
xie"

Part(N) 1a the

rovw pointer vector
used for sequencing
rova of the matrix




Convert self-interec-
tion matrix A(N,N) to
a reachability gatrix
PR(N,N) by raiaing

A(N,N) to povera until ' .

‘n_An+l .

see routine in Fig.?)

I " NOTES: ,
‘ 1. R(N,N)=Reachability aet

2. AN(N,N)=Antecedent aet

c;:{ﬁ.n) 3. 1IN(N,N)=Interaection of R(N,N) and.
. 1nto AN(N,K)
4 RM(N,N) . 4. PR(N,N)=Reachability matrix
- 5. RM(N,N)=Modified reachability matrix
: 6. Level(N,N)= holda levela and
conatituenta of RM(N,N)
7. Part(N)=holda row interchange
Print

aequence for PR(N,N)

Reachabil- 8. Void(N)=holda row numbera to void

ity from PR(N,N)
‘ matrix
PR(N,N)
] b
v
No
Yea

} by column to build
reachability aet
R(N,N) for each of
N rowa. '

J( A /T Scan PR(N,N) column

AN

v

' . # ‘ Scen PR(N,N) row by
‘ AN(I ,W)=W rov to build antece-
‘ ' dent set AN(N,N) for

’oagp of N coluana

G,
JAta

€N
z Next W

A

Next I

. o J

o ¢ 38
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Input
X,Y

"Enter two rows you -
vish to interchange: X,Y"

Next I

A I

Part(A)=Y

Part(T)=X

Print new
matrix

39

Interchange row pointers

Print B(Part(1),Part(J))
loop for all rows, I and
all columns, J.

"Do you wish to make more
changes? (Y or N)"

A
1




oy
Compute intersection- '
of R(N,N) end
AN(N,N)
‘ IR(I,J)=
| R(1,J)
JEN ]
‘ Next J ls
J>N
I¢€N
Next 1 J
I>N ARARNRANRAARARARAA
Reachebility tebdle
computed
' Print: ANRARAAAAARAAAAARAR
R(N.N).
> AN(N,N),
& IN(N,N)
in teble
form
Fleg =1
X =0 \
D
)k JEN ' Compere R(N,N) with
Next J - IN(N,R) column by
coluan for sech row.
IR \/ } If corresponding rowe
Y sre squsl, store row
N number for voiding
X=X+1 from reschabilicy
Void(I)=1 teble.
Pert (X)=IX
At thie point, there
ie ¢ metch on row I
l between R(I,N) end
1en [ IN(I,N). estore row I
V——€———— wext 1 snd refterete for ell
X } R rove.
DN
’ O -
ERIC | | “w




~ :li :
‘ »~

R(Vo1d(1),J) =0

'Aftqr all rows have been
snelyzed, delete entire

A A IN(Void(1),J)=0

yrovs from R(N.N) and IN(N,N)
’ . as stored in Void(N).
W | Then delete all references
JEN i " |to Voi1d(N) entries im R(N,N),
- Next J AN(N,N) and IN(N,N).
J>N
-, | e v |
-< Next I v .
J -y
| DN . . -
. Y
- ’ Vo1d (K)=0 bk >
.7

R(I,J)=Vo1d(K) R(I,J)=0
?

AN(I,J)=0

IN(1,J)=0

JEN]
Next J

J»N

< 1¢N Next I

I»N

—— LLL] I k

> N -

41 4'7




Leval(Flag,J)*~

Save levala for later
partitioning

. Void (J)
A
N
‘/J‘N Next J -
Y
>N
Sut£
Void(N)=0 Ko
Flage
Plag + 1
M Yea

Determine if R(N,N) ia entirely
voided. If not, clear void
vector Void(N,N) and raitarate
until R(N,N) ia entirely empty.

M(1,J)*PR(Part(I),J)

<

A' 2
. JEN
<< Mext J
J>R
1§10 X
< Wext I
I»N’

O

ERIC
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Print
RM(N,N)

Print
Level(N,N)

¢

Printa a modified raachadbility
matrix ready for partitioning
¢ and digraph conetruction.

Print conatituenta of each
level in the modified matrix.
Each row ia a level Af 1t
containa nonzero elementa.
All nonzero elementa in a
given rov are conatituenta of
that level.
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Compute proportional
spacing for
hiararchy printout

Print hiersrchy
(1ist elements
of aach level)

Compute directed
vectors in hierarchy
by snalyzing wodi-
fied reachability
mytrix

—

Recognize and store
patterns for:
LevelZ(1-1,J) and
Y LevelZ(1,)

V{ Store vector path
juet computed:

(I to I-1) for
data base and
later printout

Naxt I

I>N

Display

43

NOTE: The Ith level pattern in
Levell matrix is compared
with the (I-1)th pattern
in Levell for all alements
looking for a match.

Choice:
1. List of dirscted vectors
2. Create a curriculum ssquence
3. Both

19




E

Set Fleg

Print dlrcétcd
vector list for

ly listed

hiererchy previous

With which teek do you want to begin the.
sequence?; 4 ; Where to from here—-enter
zero to end the sequence; £. The follow-
ing treneitione ere edvised: :

Print ell J;
whare
M(s,))=

—q

JN

Next J

JN

Print:
n‘_’ ‘n

transition

O

RIC
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Print:
“Trensition




APPENDIX B

An APPLESOFT BASICC)Program Listing
Based Upon the Flowchart of APPENDIX A

_NOTE: The program is divided into
four (4) parts and filed onto disc
by their appropriate names:

1.* Router Routine

2. Matrix Maker

3. Chase I

4, Chase 11
Each program segment calls the next
from the disc.

C) by APPLE Computer Inc., 1978;




= RKEM BREETING/ROUTER ROUTINE

10

HOME

15 Ds = CHRe (4)

20
30
.40
50
60
70
80
T
100
120
123
126
130
140

VTAB B8: HTABP 15

INVERSE 1 PRINT “CHASE"1 NORMAL

PRINT 1 PRINT * CURRICULUM"

PRINT * HIERARCHY"

PRINT * AND"

PRINT * SEQUENC ING*

PRINT EXFERIMENT"

VTIAR 19: PRINT "(C) COPYRIGHT 1981 BY TOM RENCKLY
HTAE 263 PRINT “& BARY ORWIG"
FOK PAUSE = 1 TO S000: NEXT PAUSE
HOME
VTAE 121 HTAER 15
PRINT : PRINT D#; "RUN MATRIX MAKER J
END

1000 REM MATRIX MAKER
1010 HOME N

1020 PRINT 1 PRINT s PRINT

1030 PRINT “SELECT DNE:*“

1040 PRINT 3 PRINT

1050 PRINT * 1. SET AND RUN DATA BET ON DISC"
1060 PRINT

1070 PRINT = 2. START NEW DATA SBET"

1080 PRINT

1090 PRINT * 3. REVIEW / CHANGE DATA SET ON DISC"
1100 PRINT '

13110 PRINT * 4, QUIT

1120 SET sAs

1130 BA = VAL (BAs)

1135 1IF BAS = “D" S0TO 2010

1140 1F 8A < 1 OR BA > & THEN 1120

‘1130 ON 84 BOTO 2000,3000, 4000, §1000

1160 REM

1170 REM

2000 REM GET AND RUN DATA SET FROM DISC

2010 PRINT ‘ .

2020 PRINT CHRS (4);"RUN CHABE 1"

ERIC !

{
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3000 REM START NEW DATA BET
3010 RUN 3020 .
3020 HOME 1 PRINT “HOW MANY ORJECTIVES ARE IN THIS UNITYj ) 3

3030 INFUT N ‘ W
- 3040 DIM TNS(N),A%(N,N)

3080 FOR 1 = 1 TO N '

3060 HOME - : v

3070 PRINT “WHAT 1S THE NAME OF OBJECTIVE "jlj"?"

3080 PRINT 1 PRINT “ENTER A 25 CHARACTER OK LESS DESCKIPTION® ,

3090 VTAE 81 HTAE 261 PRINT ==

3100 PRINT * 25 CHARS™ ‘

2110 VIAE 7 .

3120 INFUT SAs

2130 BAS = LEFTS (BAS,2%)

2140 VTAE 7 &

2180 PRINT * " . " :

31160 VTAB 71 PRINT " ";SAS : ‘

2170 FOR L = 1 TO 3001 NEXT L

3180 TNS (1) = BAS

3190 NEXT I

3200 REM CREATE MATRIX

3210 HOME

3220 FOR 1 = 1 TO N

3230 FOR J = 1 TO N

3240 1F 1 = ) THEN 3360

2%0  HOME ;

3260 VIAE & ’

3270 PRINT 16 MASTERY OF OBJESTIVE NO. ;1 _

3280 + PRINT 1 PRINT TNS (1) _ -

g 3290 PRINT 1 PRINT “NECESSARY FOR ACCOMFLISHMENT OF "1 PRINT “OWJECTIVE N

0. “3Jd
3300 PRINT 1 PRINT TN$(J)g"?" )
IZ20 BET BAS ,

IITO IF Sas = "Y' THEN 33860 i
3340 IF- BAS & “N" THEN 3380
3380 BOTO 3320 , 5

360 A%(1,J) = 1

370 BOT0 3390

3380 A%(1,J) = O

IXF0 NEXT .

3400 NEXT 1

3410 REM DIBPLAY NAMES AND MATRIX ,

3420 HOME -
3430 FOR 1 = 1 TO Ni PRINT I3, “3TNs(1)s NEXT 1 ,
3440 PRINT 3 PRINT : A

3430 FOK B
3433 PRINT g 4 SFPACES
3436 FOK 1 1 TON z
3459 IF P = ] AND 1 < 10 THEN PRINT * *j3 B80TO 3471
3462 1F P e ] AND 1 > ® THEN PKRINT INT (1 7/ 10)33 BOTO 3471
344% 1F B = 2 AND 1 < 10 THEN PRINT 1;3 BOTO 3471
3468 IF P e« 2 AND 1 > ® THEN PRINT (1 - ( INT (1 7 10) 8 10))y
3471 NEXT 1 '
3474 PRINT
3477 NEXT B

. 3480 PKINT -
3483 PFOR 1 = 1 TO N
3484 PRINT I13™. "y
346% PFOR J = J TO N
3492 PRINT TAB( 5)3AX(1,J)

1 TO 2

B

* 3495 NEXT '
3498  PRINT
3501 NEXT 1 '
4 3820 PRINT s PRINT “PRESS RETURN TO CONTINUE"
3330 INPUT BAS
3540 MOME 1 VTAD &1 PRINT “BELECT ONE DF THE FOLLOWING: ™ .
t Y 46 .
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. 3850

Py . 3860

3570

3380

3590

. 3600
| 3610
3820

. . 3630

3640

36350

34660

3670

h71:1¢)

3690

3700
3710
3720
3730
3740
: 37%0
3760
3770
378¢
3790
3800
3810
3820

3840
3830

. 3860

4000

4010

4020

4030

ACA0

4050

40359

4060

4070

Y 4080
’ 409U
\ 4100
’ 4110

43120

4130

T 4140

4150

4160

4170

4300

4310

© 4330

4340

4350

4560

43870

4380

4390

4600
4610
4620

ERIC

Aruitoxt provided by Eic:

@

PRINT 1 PRINT 1 PRINT ¢ .
PRINT * I. BAVE THE MATRIX ONTO DISK" .
PRINT - . "

PRINT * 2. MAKE CHANGES " *
PRINT

PRINT 3. DIBCARD MATRIX AND RETURN"

PRINT . YO MAIN MENU

PRINT

GET SAs

IF VAL (8As) < 1 DR VAL (BAS) > 3 THEN 3630

ON VAL (8As) BOTOD 3680, 3460, 3860

REM BAVE BEFORE CHANGING
FL = 1t KEM FLAG FOR CMANGE MATRI X .
PRINT 1 PRINT “CATALOG"

IF FL = 1 THEN PRINT 1 PRINT “JUST TO PE BAFE WE WILL BAVE THE MATH
Ix

PRINT 1 PRINT "WHAT WOULD YOU LIKE TO NAME THIS.  MATRIX?"

INFUT UTSe : -

PRINT “OPEN “jUTS

PRINT "DELETE “"jUTe

PRINT "OFEN “jUTS

PRINT “WRITE"jUTS

PRINT N

FOR I = 1 TO N: PRINT TNe (i)t NEXT 1

FOR 1 = 1 TO N )

FOKk J = 1 JON
PRINT A% (13J)

NEXT J

NEXT 1

PRINT "CLOSE “jUTs
PRINT 1 PRINT 1 PRINT "MATRIX “jUTe;" HAS BEEN BAVED."

IF FL = 1 YHEN 4%00

RUN @ REM RESTART TO ALLOW REDIMENSION .

REM REVIEW/CHANGE DATA FROM DSt -
RUN 4020t REM RESTART TO REBET DIM BTATEMENIS — GET DATA ‘LE
PRINT

PRINT “CATALOG"

FPRINT 1 PKINT “WHAT 16 THE NAME OF THE DATA BET™" s
INFUT UTs :

IF LEN (UTe) = O THEN 4050

PRINT "OFEN “jUTs '

PRINT "READ "gUTlse

INFUT N © -

DIM TNS (N),A%L(N,N)

FORK 1 = 1 TO Nt INFUT TN (1)1 NEXT 1

FOR 1 = g4 TON

FOK J = § JO N '

INPUY A%(1,d)

NEXT J

NEXT 1

PRINT “"CLOSE "jUTse

REM READY TO REVIEW/CHANGE \

-

M

REM REVIEW / CHANBE DATA

FL = 0 , . .

HOME )

VIAE o )
PRINT “SELECT ONE OF THE FOLLOWING: ™ “

PRINT & PRINT * 1. REVIEW/CHANGE A DESCRIPTOR"

PRINT

1 PRINT * 2. REVIEW/CHANGE MATRIX® .
PRINT ¢ PRINT * 3. ADD TASK(S) " .

*PRINT ¢ PHRINT = 4. DELETE TABN.(B)" . o
PRINT s PRINT * 8. “j1 INVERSE 1 FLASH 1 PRINT "BAVE"j:1 NORMAL 1 PRINI
= FILE AFTER CHANGES" .
PRINT & PRINT * 6. RETURN TO MAIN MENU" . ¢

PRINT '

0ET BAe

-4




«««««

. 6020

O
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44630
4640
S000
So0
5020
S030
S040

- BOB0

3060
S070
S080
5050

5100
5110
5120
5130
3140
5150
%160
165
S170

5180

6000
6002
6003
6004

6005,

6006
6007
6008
6014
6015
6014
6017

6090

6100
6110
6120

. 6130

6140

6150
6160
6170
6180
6190
6200

6210

6220

" 6230

6240
6250
6260
6270
62806
6290

-

IF/ VAL (8A
ON VAL (SA

[y

8)-< 1 OR VAL (5Aa8) > & THEN 4620,

8) GOTO S000, 6000, 7000,8000 9000, 10000

‘REM KREV1EW/CHANGE A DESCRIPTOR : .

HOME 3 VTAE
FOR 1 = 1 T
PRINT

PRINT “MAKE A CHANGE

GET SAs

IF SA% = N
IF SAs = Y
GOTO 5050

)

0 N: PRINT 1;".

"yTNS (1)3 NEXT 1

“-

YN 7 | -

* THEN 4500 °
* THEN S090

v A

PRINT "NHAT 18 THE NUMERER OF THE‘DESCRIPTOR 73 PRINT “"TO EBE CHANGED"

INFUT SA

PRINT 3 PRINT, TNS (5A) :

PRINT 13 PRINT

PRINT s INF

UT SAs

“TO BE%CHANGED 0 . ‘ -

o

SAs = LEFTS (SAS,2%5) ‘. )
PRINT 6AS - . . ,

FOR 1 = 1 TO S00: NEXT 1

TINS (SA) = SA.

PRINT "DONE"s FOR 1 = 1 TO S00: NEXT 1. )

BOTO. 4500 P

REM KREVIEW/CHANGE THE.HATRIX ,

FOR B =1 70 2

REM 4 SPACES .

< 10 THEN PRINT " ";3 GOTO 6014 -
> 9 THEN PRINT INT (1 / 10);3* GOTO 6014 s
<.,10 THEN PRINT 13: GOTO 6014

> 9 THEN PRINT (1 = ( INT (1 / 10) & 10));

¢

PRINT * “31
FOR I = 1 TO N
"IF B = 1 AND 1
1IF B = 1 AND 1
IF E =2 AND 1
IF B = 2 AND 1
‘NEXT 1

PRINT

NEXT B

PRINT

NEXT-J
PRINT
CNEXT 1
PRINT 31 PK

PRINT TAE( ) 3A%(1,J)3 : d

INT “*1°

4

8TANDS FOR ,YES, 'O’ STANDS FOR NO"

PRINT "DO YOU WANT TO EXAHINE TWO" DESCRIPTORS", PRINT;”iN bETAlL (ys

NY g

GET BAs

IF B8A8 = *“N*
IF 8A% = "y*"
8070 6100

PRINT 3 PRINT s PRINT "ENTER THE NUHBERS DF THE TWO DESCRIPTORS“

"LIKE TH1S:
INPUT 861,82
HOME
VTAB &1 PRI
PRINT “18 .

’
‘e
.

THEN 4500
THEN 6140

'S,7 AND PRESS RETURN™

NT "
|TNO(SI)|

PRINT "BEFORE “;TNS$(
1IF. A%(S1,B2) = 1 THEN 6220

PRINT s PRI
PRINT s PR1

NT “NO"3
NT *VES"

© % . PRINT - -
REQUIRED" , L
§2) o :

8070 6230 ’ . .

PRINT s PRINT s PRINT " 2."s PRINT

PRINT 186

PRINT "BEFORE

*"3TNS (B2) 3"
“; TN (S1Y .

REQUIRED"

IF AX(82,B81) = 1 THEN 6280 - : .

PRINT s PRI
PRINT & PRI

NT “NO"s
NT "VES"

8070 6250

PRINT 1 PRINT “DO VDU WANT TO CHANBE EITHER OF THESE“"Q

w55 -

PRINT




%

.
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P

6300 sstﬂﬁzs

équo IF <BA% = “N" THEN 4300

6320 IF SAS = "y THEN 6340
6330 BOTO 6300 i ‘ )
6140 PRINT 3 PR]NTu"ENTER 1 Ok 2"
350 BET SA
6360 IF SA < 1 OK SA > 2 THEN 6350 .
6370 - IF SA = 2 THEN 6410
6380 IF A%(S1,82) = O THEN 6400
6390 A%(81,82) = (1 BOTO 6160
6490 A%(S1,82) = 1: BOTD 6160
6410 IF A%(S2,51) = O THEN 6430
6420 A%(S2,S1) = O: BOTO 6160
6430 A%L(52,S51) = 1: BOTD 6160
7000 KEM ADD TASHS
7005 HOME ¢
7010 FOR 1 =1 TO N1 PRINT TN$(I): NEXT 1 .

,.7012  PRINT s -
7013 PRINT " DO YOU WANT TD ADD"- PRINT "ORJECTIVES (Y/N)?
7014 GBGET SAs . :

701% “IF SAS = "N THEN 4%00
7016 1F SAS = “y" THEN 701B
‘2017 GOTO 7044 o .

7018. PRINT 1 PRINT "ADD HOW MANY Tasrs";: INPUT SA
70°o N =N+ SA
702% PRINT 1 PRINT 3 PRINT
7030 PRINT "OFEN SETUF"
7035 PRINT “DELETE SETUF"
+7040¢q PRINT "OPEN SETUF"
7045 PRINT "WRITE SETUF" .
705¢ PRINT N
7055 PRINT UTs
7060 PRINT "CLOSE SETUR"
7065 KRUN 7070
7070 HOME ° '
7075 PRINT ‘ -
7080 PRINT “OPEN SETUF" )
7085 PRINT "READ SETUF" '
7090 INFUT N -
7095 DIM TNS(N),A%(N,N). . : v
7100 . INFUT UTs g

. 710% PRINT "CLOSE SETUF"®
7110 PRINT “OFEN "jUTS
711  PRINT "READ "puTS
7120 INPUT Ni

7125 FOR 1 = 1 TO Ni:
7130 FOR 1 = {1 TO NI
7135 FOR J = 1 JO NI .
7140 INPUT A%(1,J) . - v .
714% NEXT O R . N
7150 NEXT. 1 ’ .
7155 PRINT “CLOSE “"juTs ,

7160, FDK 1 = 3 TO N T : s

7165 .PRINT 13" "3 TNS(I) .

Y 2170 NEXT 1 »

717% PKRINT
7180  PRINT
7185 PKRINT
7190 PRINT .
7210 PRINT 1 PRINT “AFTER WHICH CURRENTLY USED NUHBER"
7215 INPUT BA :
7220 IFBA < O OR BA > NI NHEN B80TO 7215
7225 N3 = NI ,+ }
7230 PRINT 3 PRINT
7235 INPUT BAS
7240 8as = LEFTe

"FLEASE WAIT WHILE 1 RESET MY DIMENSIONS "

.
INFUT TNS(I)>s NEXT 1

-y

+ PRINT 1 PRINT FLET'S WORN WITH ONE TASH AT A TIME. "
“YOU MAY ADD A TASK AFTER ANY OF THE"
“CURRENT TITLES. 1 WILL LOWER THE REST."

"WHAT 15 THE TITLE OF -THE NEW TASK™

(8AS,23)

49
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7245
7230
725%
7260
7263
7270
7275
7280
7285
7290
7295
7300
730%
7310
7315
7320
7328

7330

7335
7340
7345
7350
7355
7358
7368
7370
7378
7380
7383
7390
7395
7397
7400
7410
7415
7420
742%
7430
7435
7440
7445
745
7455
74460

' 7463

7467
7470
748¢
748%
7450
749%
7300
750%
7510
7518
7917
7320
7528
9000
8010
0020
9030
004

B8u%0
8060
808L

FOR 1 = N TO 6A + 2 STEF - §
TNS$ (1) = TN$(l - §) )
NEXT I
SA = 5A + |
TN$ (5A) = BAS .
FOR 1 = NI TO t STEP - i
FOR J = N1 TO SA + § BTEF - 1}
A%(1,J) = A%(1,J - 1)
NEXT J
NEXT I
FOR J = Nt TO & STEF - )
FOR 1 = N1 TO 6A + 1| STEF - 1} A
A%(1,J) = A%(]l - 1,3)
NEXT 1
NEXT J
FOR 1 = §{ TO N1
A%Z(1,8A) = ©
NEXT 1
FOR J = § TO NI
A% (S8R, J) = O
NEXT J .
REM FILL IN MATRIX
REM
HOME
FOR 1 = 1 TO N2
IF 1 = §A GOTO 7300
HOME
V1AE & :
PRINT “16 MASTERY OF OBJECTIVE NO. - ";1 ! .
PRINT 1 PRINT TNs (1)
PRINT “NECESSAKRY FOR ACCOMFL ISHMENT OF "
PRINT “"OBJECTIVE NO. ";SA
"PRINT 3 PRINT TNS(5A);"?"
B6ET SAsS :
IF SAs = "y THEN 7430
IF SAs = "N" THEN 74430
GOTO 7410
A%Z(1,BA) = } »
GOTO 744%
A%(1,8A) = ©
HOME ‘
VTAE &
PRINT "15 MASTERY OF OEBJECTIVE NO. - "§5A
PRINT : PRINT TNS (SA)
PRINT "NECESSARY FOR ACCOMFL ISHMENT OF"
PRINT "OBJECTIVE NO. "3l
PRINT 1 PRINT TNS(1);"?"
GET &As
IF BAS = "Y" THEN 7300
IF BAS = "N" THEN 7510 , o .
BOTO 7480
A%(SA,1) = }
GOTO 751% .
A% (BA, 1) = © : '
NEXT 1
IF NI = N THEN 4300 N
HOME
GOTO 73160 -
REM DELETE TASKS AND MATRIX BECTIONS
HOME .
VTAE &
FOR 1 = 1 TD N: PRINT 13", "3TNS(I)1 NEXT 1
PHINT "LET'S WORr. WITH ONE OEJECTIVE AT A TIME"
PRINT “BHOULD 1 DELETE AN DEBJECTIVE (Y/N)7";
SET SAe .
1F BAS = "N" THMEN 4300 . - g
- -

i




8090 IF SAs = "y THEN B110
8100 507D BUGY
8110 PRINT
Bi20 PRINT "WHICH NUMEER';
8130 INPUT SA
B13% IF SA = N THEN 8280
8140 IF SA < 1 DR SA > N THEN B13X0
8150 FOR 1 SA TO N ~ 1 -
8160 TNS (1) TNS (1 + 1)
8170 NEXT 1
8180 FDKk 1 = | TD N
8190 FDOR J = SA TO N ~ 1
B200 A%(1,J) = A%(1,J + 1)
8210 'NEXT J
8220 NEXT 1
8230 FDR J = | TO N
N 8240 FDR 1 = SA TON - }
- 8250 A%(1,J) = A%(]l + 1,0)
8260 NEXT 1
270 NEXT J =
8280 N = N - |
8290 BOTD BOOO
9000 REM SAVE CHANGES
9010 HOME
9020 PRINT 1 PRINT "CATALDG"
9030  PRINT 1 PRINT "THE CURRENT NAME IS “jUT$;“."
9040 PRINT "DO YOU WANT TD SAVE THE CHANGES"
9050 PRINT "UNDER THIS NAME (Y/N)7?"; :
s 9060 BGET SAs
9070 1F BAs = "Y" THEN 9200
9080 IF SAs = “N“ THEN 9100
090 BOTD 9060
9100 PRINT 1 PRINT “WHAT 16 THE NEW FILE NAME";
9110 INPUT UTs ‘
9200 FRINT
9210 PRINT "DPEN"jUTs o
9220 PRINT "DELETE“;UTS
9230 PRINT "OPEN"jUTS
9240 PRINT “"WRITE"jUTS °
9250 PRINT N
9260 FOR I = 1 TO N1 PRINT TNs$(1): NEXT 1
9270 FOR 1 = 3 TO N
9280 FOR J = 3 TO N
9290 PRINT A%(1,J)
9300 NEXT J
9310 NEXT 1
9320 PRINT “CLOSE";UTS
93301 ' PRINT s PRINT ¢ PRINT “MATRIX “3;UT$;" HAS BEEN SAVED.*
9340 FOR 1 = ) TD 7501 NEXT 1
10000 REM RETURN TO MAIN MENU
10010 RUN
11000 REM END .
11010 PRINT “BYE FOR NOW'"
11020 END
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10
20
h{o)
40
30
60
;E
)
90
100
110
120
130
140
130
160
170
180

REM CHASE 1 MODULE
KREM

N = 0
1 =90
J

7

28 = v o

D$ = CHRs (4)
E =0

FLAG = ©

FULL = ©
COUNT = ©
HOME

=0
We=o0 .
=0

PRINT "DO YOU HAVE A PRINTER ATTACHED: ANSWEK "

PRINT Y OR N, THEN PRESS RETURN'"

INFUT 2s

52
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190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
I60
€370
380
390
400
410
420
470
440
450
460
470
480

4%0
500
510
520
530
340
530
360
565
8570

589
390
600
610
620
630
640
6350
660
&70
680
6%0
700
710
720
730
740
750
760
770
780
7%0
800
810

'

IF 28 = "Y" THEN FLAG = 1

PRINT 1 PRINT D$j) "CATALOG "

PRINT

PRINT "TYFE IN THE NAME OF THE DATA FILE, THEN":
PRINT “PRESS RETURN"}

INFUT UTs

PRINT “THE FILE IS "jUTs

PRINT 1 PKINT D$; “OPEN ";UTs

PRINT 3 PRINT D$;"KREAD "jUTS

INPUT N

DIM A% (N,N),C%L(N,N)

DIM PR (N,N) ,LEVELY (N, N)

DIM R%(N,N),AN% (N, N)

DIM INYZ(N,N),RM%(N,N)

DIM VOIDY(N), HOLD% (N) , PARTZ (N)

DIM TN$ (N)

FOR 1 = 1 TO N

INFUT TNS (1)

NEXT 1

FOR I = 1 TO N

FOR J = 1 TO N

INFUT A% (1,d)
PRZ(1,J) = A%(1,J)
C%(1,3) = A%(1,J)

NEXT J

NEXT 1
"PRINT 3 PRINT Ds;"CLOSE "juTs

IF FLAG = 1 THEN PR# 1

HOME o :
VTAE 53 PRINT "BELECT ONE OF THE FOLLOWING“: PRINT "THEN PRESS RETURN

PRINT 8 PRINT ]
PRINT 1. CREATE INSTRUCTIONAL BEQUENCE"
PKINT 1 PRINT "2. INSTRUCTIONAL HIERARCHY AND SEQUENCE*

PRINT "3. TECHNICAL RUN - FULL OPERATIONAL": PRINT * PRINT”
GET OPT
K =3 -

HOME

IF OFT = 3 BOTO 630 -

IF OFT < 1 OK OFT > 3 GOTD 53¢

VTAE 121 PRINT "I1T WILL TAKE APPROXIMATELY “§( INT ((N 8 N =N § ) &
1.3)) /7 60

PRINT "MINUTES TO COMPUTE YOUR HIERARCHY. YOU"
PRINT "WILL BE NOTIFIED BY THE COMPUTER WMEN"

PRINT “THE HIERARCHY 15 COMPLETED. THANF YDU"

PRINT “"FOR WAITING. "

BOTD 760

PRINT 1 PRINT “AT THIS TIME, THE ORIGINAL MATRIX 1IS*
PRINT “BEING RAISED TO CONSECUTIVE POWERS."

PRINT "EACH ITERATION COMPARES THE CURRENT"

PRINT “POWER TO THE PREVIOUS ONE - BEEFr ING”

PRINT “A MATCH."s PKRINT s PRINT

GOTOD 760

REM TRANSFER PRZ TO C% AND REITERATE.

FOR I = 1 TO N o

FOR J = 1| TO N
Cx(1,J) = PR%(1,J) . ’
PR%X(1,J) = O .

NEXT

NEXT 1

Te0

IF OPT ¢ > 3 8070 800

PRINT “ITEKRATION NUMBER “jk;". THE MATRIX 15"

PRINT "CURRENTLY BEING RAIBED VYO THE "s(k < 1) " POWER."s PRINT
FOR W = 1 TO N

FOR 1 = 1 TON
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820 FORK J = 1 TO N

830 PRLCI, W) = A%(I,J) 8 C%J, W)

640 IF PR%(I,W) > = 1 BOTO 860

830 NEXT J

860 IF (CZ(I,W) < > PRZ(I,W)) THEN T ®» T + |

870 NEXT 1

880 NEXT W

890 F = K o |

900 IF OFT < > 3 GOTO 930 -

910 PRINT "THE POWER "}K;" 15 BEING COMPARED WITH"

920 PRINT “THE “3(K - 1)3" POWER MATRIX"1 PRINT : PRINT
930 IF T > 0 BOTO 700

93% IF OPT < > 3 GOTO 1060

940 REM MATRIX PRINTOUT ‘
9%0 IF FLAG = 1 THEN FR® 1:28 = CHKS (12):t PRINT I8 '
960 PRINT “REACHAEILITY MATRIX OF OKDER “iK

970 PRINT 1 PRINT

98¢ FOR I = 1 TO N

990 FOR J = 1 TO N

1000 PRINT PRZ(I, )" "}

1010 NEXT J

1020 PRINT

1020 NEXT 1

1040 PRINT \

10%0 PRINT “ THIS MATRIX 1S NOW BEING COMPUTED INTO A DIGKAFH”
1060 S = O

1070 C = ©

1080 PRINT

1090 FOR I = § TO N

1100 FOR J = 3 TO N

1110 IF PR%Z(I,J) = 1 THEN R%(1,03) = )

* 1120 NEXT J

1130 NEXT 1

1140 FOK W =1 TO N

11% FOR I = 3 TO N

1160 IF PRZ(I, W) = 1 THEN AN%Z(W, 1) = |

1170 NEXT 1

1180 NEXT W

1190 FOR I = 1 TO N .

1200 FOR J = 1-TO N

1210 IF R%(1,J) = AN%Z(I,J) AND R%(1,J) < > O THEN IN%(I,0) = R%(I,J)

1220 NEXT J

1230 NEXT 1

1240 W = ©

1230 FOK 1 = 1 TO N

1260 FOR J = 3 TO N

1270 IF R%(1,J) < > IN%(I,J) THEN J = N:Z® = “ADVANCE": 60TO 1310

12600 FOR T = 1 TO N

1290 IF PARTZ(T) = 1 THEN T = Ni1J = Ni1I8 = “ADVANCE"s REM ROW #® ALREADY
EXISTE IN PARTX

1300 NEXT T

1310 NEXT J

1320 IF 28 = “ADVANCE" 80TO 1370

1330 8B = § + 1

1340 W = W + )

1350 PARTX(B) = I: REM PARTITION BEOQUENCE VECTOR

1360 VDID% (W) = I3 REM VOID VECTOR

1370 18 = * © .

1380 NEXT I

1390 FOR 1 = C TO 6

1400 T = ©

1410 PFOR J = 1 TO N )

1420 IF PRA(PARTA(I),J) = § THEN T = T « 1

1430 NEXT J

1640 HOLD% (1) = 1

1450 NEXT 1
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1460
1470
1480
1490
1500
1310
1520
1530
13540
1350
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
18350
1860
1870
1880
1890
1900
1910
1920
1930
1940
19350
1960
1970
1960
1990
2000
2010
2020

2030
2040
2050
2060
2070
2080
2090
2100

v

FOKk J = 1 TD 8 ‘ -
D=0
FOR 1 = 8 TD (C + 2) BTEFP - 1
IF HOLD%Z (1) > = HOLDZ(I - 1) GDTD 1540
E = HOLD%(1)tA = PAKTZL (1)
HOLDZ (1) = HOLD% (1 = 1):PARTZ(1) = PARTZ(I = 1)
HOLD%Z (1 = 1) = E3PARTZ(]l = 1) = Q

D =1
NEXT 1

IF D= O THEN J = N

NEXT J ]
FOR K = 1 TO N ~

IF VDID%Z(K) = O BDTD 1710
FOR J = 1 TO N
R%(VDID%(K),J) = ©
ANY (VDID% (K) ,J) = ©
IN% (VOIDY% (K),J) = O
NEXT J
FOK 1 = 1 TO N
FOR J = 1 TO N )
IF R%(1,J) = VOID%(K) THEN R%Z(1,J) = ©

IF ANZ(1,J) = VOIDZ(}') THEN AN%Z(1,J) = O
IF IN%(1,J) = VOID%(k) THEN IN%(1,0) = O
NEXT J
NEXT I
NEXT K

COUNT = CDUNT + 1
FOR J = 1 TO (5§ - ©)
LEVELZ (COUNT,J) = PARTZ(C + J)
NEXT :
FOR T = 1 TO N
VOID%(T) = ©
NEXT T
FORK T = 1 TO N
FOK J = 4 TO N '
IF R%Z(T,J) » O THEN Z¢ = "ADVANCE"$1J = Ni1T = N
NEXT J
NEXT T ~
C=85
1IF I = "ADVANCE" THEN 1% = " "; GDTD 1240
REM AT THIS POINT, THE REACHAFRILITY MATKIX 158 PARTITIONED.
FORK 1 = 3 TO N
FOR J = 1 TO N
RM%Z(1,0) = PRL(PARTZ(1),PARTY (D))
NEXT J
NEXT 1
PRINT
1IF DFT < > 3 BOTD 2280
IF FLAG = 1 THEN PR# 11 PRINT 1 PRINT & PRINT
PRINTY * MODIFIED REACHABILITY MATRIX“": PRINT "y
FOR 1 = 1 TO N
IF PARTL(1) > 9 THEN FPRINT ( INT (PARTZ(1) / 10))3" "33 GOTD 1990

PRINT =y
NEXT ]
PRINT 3 PRINT * |

FOK 1 = 3§ TO N
IF PARTZ (1) > 9 THEN PRINT (PARTZ (1) = ( INT (PARTZ(1) 7 10)) 8 10)
1" "33 BOTD 2040
PRINT PARTX(I) 3" "}
NEXT 1 .
PRINT 3 PRINTY . .
POR 1 = 3 TO N
PRINT PARTX (1)}
POR J = 1 TO N
PRINT TAE( 6)sRMX(f,J)3" 3
NEXT J
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2110
2120
2130
2f90

z@so
2160
2170
2180
2190
2200
2210
2220
2220
2240

250
2260
2270
2280
228%
2290
2300
2310
2320
2330
2340
2320
2360
2370
2380
2390
2400
2410
2420
2420
2440
2420
2460
2470
2480
2490
2300
2310
2520
23530
2540
23550
2560
2370
29580
2390
2600
2610
2620

2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
2730

PRINY

NEXT 1 y

PRINT ,

PRINT “"THESE ARE THE LEVELS AND THEIR": PKINT "CONSTITUENTS: "1 FRINT

FOR 1 = 1 TON
K = 0O

FOR J = 1 TON

IF LEVELZ%Z(1,J) » O THEN boom e
NEXT J ,

IF K > 0 THEN PRINT "LEVEL ";1,
FOR J = 1 TON

IF LEVEL%(1,J) = O GBOTD 2240

PRINT  TYAE({ 10)JLEVELYZ(1,3) 3"

NEXT J

PRINTY ‘

NEXT 1 .

REM COMPUTE AND PRINT HIERAKCHY
1F OPT = 1 BOTOD 2700

1IF OFT = X GOTO 2300

BGOSUE 7000

IF FLAG = | THEN E = 80: PRINT 2¢; GOTO 2340
E = 40

PRINT 1 PRINT TAB( 8)};"AN ALTERNATIVE HJERARCHY': PRINT 1 PRINT
BOTO 235

PRINT ¢ PRINT TAE( 29);"AN ALTEKNATIVE MIERARCHY" FRINT 1 PRINI
FOK 1 = § TON
K =0

FOR J = § TO N ,

IF LEVEL%(1,J) = O THEN C = J

IF LEVELX(1,0) > O THEN ¥ = }'
NEXT J -
IF ¥, = 0 THEN ] = N: BDTO 2610

REM COMFUTE PROFDRTIONAL SPACING
T = INT (CE=-~K 82) / (h + 1))

FOR W = § TO N

IF LEVEL%(1,W) = O BDTD 2500

FOR J = 1 YO 7

PRINT » =

NEXT J

PRINT LEVEL%(I,W);

NEXT W

REM ADD SPACES BETWEEN LEVELS

IF FLAG = § BDTD 2%70

FOR J =% 10 3

PRINT

NEXT J

8070 2600

FOR 0 = § YD 20

PRINT & ~

NEXT J

NEXY 1 .

IF FLAG = 3 80710 2640 -

IF FLAG = O THEN PRINT "PRESS ANY KEY WHEN YOU ARE READY TD":1 PRINT
“CONTINUE " )

GET 2e

18 = CHR® (12)

REM = COMFPUTE DIRECTED VECTORS FOK THE HIERARCHY

PRINT 28

PRINT “THE PROGRAM 18 NOW DETERMINING THE" -

PRINT “COMMUNICATION VECTORS THAT EXIST IN"

PRINT “THE HIERARCHY JUST COMPUTED. "3 PRINT

FOK 1 = § YO N

FOR J = 1470 N
CXx(1,3) = ob mENM CLEAR CX FOK VECTOR STORABGE

NEXY J

+ 1




2740
2730
2760
277¢
2780
2790
2800
2810
2820
2830
2840
2850
® 2860
2870
2880
2890
2900
2910
2920
2930
2940
2930
2960
2970
2980
2990
3000
3010
3020
3030
3040
3050
I060

3070 .

Josu
3090
3100
3110
3120
3130
314G
3130
3160
3170
3180
3190
3200
3210

3220

3230
3240

3270
3260
3290
3300
3310
3320
3330

3340
3330
333s
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NEXT 1
E =0
FULL = ©
DeN
COUNT = © « .

FOR I = D TO 1 BTEF - 1

REM MEASURE WIDTH OF COMM. SUBMATKIX

FOK J = 1 TO N .

1F LEVEL%(1,J) > O THEN COUNT = COUNT + 1

NEXT J

1F COUNT > O BOTD 2860

NEXT 1 )
K &0
D=1-1
FULL = FULL + COUNT {

IF COUNT = 1 GOTOD 3030 i

REM EXAMINE EACH LEVEL FOR AN INTERNAL MAXIMAL CYCLE
B=N-E )
C = B - COUNT + 1 K

FOR W = B TO (C + 1) BTEF - 1t REM MASTER LOOF .

FOK A = (B - 1) TOC BTEFP - 11 REM CYCLE THRU ROWS

FOR J = B TO C BTEF - 11 REM CYCLE\THRU COLUMNS

IF RMZ(W,J) < > RM%(A,J) BOTOD 3010 \ /

NEXT J_ ‘

IF W = A BOTO 3010
C%(PARTZ (W) ,PARTZ(A)) = 1
C%Z (PAFTY% (A) ,PARTY. (W) ) = 1

NEXT A

NEXT W .

IF 1 = 1 BOTO 3300 A
KEM MEASURE LENGTH OF COMM. SUBMATKIX

FOR J = 1 TO N

IF LEVELZ((1 - 1),J) > O THEN K = }
NEXT J ‘
P=N-E
C =N - E - COUNT
E = E + COUNT :
FOR W = B T0O (C + 1) BTEF - 1k REM 4% ROWS IN COMM. BUBMATRIX

FORK X = O TO (K 1): REM @ COL IN COMM. BURMATRIX (LENGTH)

FOR J = O TO (+. - 1)s REM ® S 1IN (1-1)ST LEVEL
T =0

REM TEST ROW W FOK ALL 15 IN COMM. SUEMATRIX

FOK 6 = C TD (C - K + 1) BTEF - 1

IF R (W,8) ® | THEN T = T + 1

NEXT 8.
6§ =sC-J
A = § - X - COUNT . '
IF T » K AND RMA(A,B8) = § THEN C%X(PARTX (W) ,PARTX(A)) = 13J = k - 112
% = "ADVANCE" .
1IF T < > K AND RML(W,8) < > RMZ(A,B) THEN J = Kk - 1328 = "ADVANCE"

NEXT J ;

IF I8 = "ADVANCE" THEN I8 = CHRS (12)31, BOTO 3260
CX (PARTX (W) ,PARTX(A)) = 1§

NEXT X .
COUNT = COUNT - 1

NEXT W

8070 2780 - .
=0

FOR X = 1 TO 2 .

FOR J = 1 TO N

IF LEVELX(X,J) > O THEN 8 = § + 11 REM COUNT ® ROWS IN TOF 2 LEVELS

NEXT J

NEXT X
1IF 8 = N BOTO 3433
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FOR W = 1 TD COUNT: REM CYCLE THROUG ACH ROW OF TOF LEVEL

3360
, 3370 FOR X = (5 + 1) TO N: KEM CYCLE THRDUGH EACH RDW DF ALL LEVELS BELD
W TOF 2
33860 T = O -
X390 FOK J = 1 TO COUNT: REM COMPARE EACH COLUMN IN THE KOW
© 3400 1IF A%L{PARTYL (W) ,PART%X(J)) = A%L(PARTZ(X),PARTL(J)) THEN T = T + 1
3410 NEXT J - :
3420 IF T = COUNT THEN C%(PARTZ(X),PARTZ(W)) = 1t KEM  ANDTHER MATCH FOU
ND .
e 34-0 IF T < > COUNT THEN C%Z{(PARTY%Z(X),PART4(W)) = O ' ¢
3440 NEXT X
3450 NEXT W
34%% 1F OPT = 1 THEN BOSUF 7000
3460 PKINT 9 PRINT D$;"OFEN FILE1"
3470 FPRINT De;“DELETE FILE1"
3480 PRINT D®;"OFEN FILE1"
3490 FPRINT D$; "WRITE FILE1" '
I%00 PRINT N
3%10 FORK 1 = 1 TON
%20 FOK J = 1 TD N
3530 - PRINT C%(1,d) .
3540 FRINT LEVELY%(1,J)
. 35330 NEXT J
3560 NEXT 1 i
3870 FOR 1 = 1 TO N g
. 3380 FRINT PARTZ (D) r
3590 PRINT TNS (D) - .
" 3600 NEXT 1
3610 PRINT FLAG
3620 FRINT De;"CLDSE FILE1"
X620 PRINT 1 PRINT D8:1"RUN CHASE 2"
7000 REM ANNUNCIATOK ROUTINE
7010 FOWLE 770,1731 FOHE 771,48: FOrE 772,192 BovE 773,136: FOLE 774,208:
FOKE 77%,%: FPONE 776,2061 POVE 777,31 POKE 778,31 FORE 779,240: FOLE
780,91 FDKE 761,202
7020 PDNE 782,2081 POrE 763,24%: POKE 784,174: FOKE 765,01 POLE 786,31 FOLE
787,761 FOKE 768,21 POKE 78%,3: POKE 790,961 POLE 791,0: POLE 792,0
7030 FOK A = § TD 10
7040 FUFE 768,50
70%0 FOR 1 = 20 TD | BTEF - 4
7060 FOHE 769,1 . e
. 7070 CALL 770 )
7080 NEXT 1 ,
7090 NEXT A
7100 FOK T = 1 TO 3 ~— —~—
7110 FOR 1 = 200 TO S0 BYEF - 3 '
-, 7120 zone 766, 1 .
7130 POrLE 769,10
7140 CALL 77¢
7180 NEXT 1
v 7160 NEXT T
7170 _RETURN
88%3= END
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10 . REM~ CHASE 2 MODULE

A 20 REM
30 D8 = CHRS (4)
\\\\ . . 40 PRINT : PRINT D®; "DPEN FILE1"
%0 PKINT D$; "READ FILE1"
- ) 60 INFUT N
70 DIM CX(N,N),LEVELY (N,N) ,RM%(N,N)
80 DIM PARTYL(N), TNS(N) .
90 FOK 1 = | TON . -
100 FOK J = 1 TO N
110 INPUT C%(1,) . °
20  INPUT LEVEL%Z(1,J) -
. 130 NEXT J
140 NEXT 1 !
1%0 FOR 1 = 1 TO N
160 INFUT PARTZ(I) J
170  INFUT TNS (1) . .
180 NEXT P
190 INFUT FLAG
200 PKINT 1 PRINT D$;"CLOSE FILE})"
210 PRINT "SBELECT AN OFTION.*
220 PRINT * 1. LIST OF DIKECTED VECTORS"
230 PRINT * 2. CREATE A CURRICULUM SEQUENCE"
240 PKRINT 3. EACH IN TURN"
250 PRINT “1 BET BA .
2%% IF BA < 1 OK BA > 3 THEN MHOME 1 BOTD 210C
260 IF B8A = 2 BOTO 500 '
270 IF FLAB = O THEN SPEED= 901 GOTO 29C <y
280 HOME 1 PR® 11 PRINT * * '
290 FORK W = N TO 1 BTEF ~- 1 .
300 FOR A = 1 TO N : T ., . )
310 CL(W,W) = O
- 320 IF CL(PART%(N),PARTZ(A)) e § THEN PKRINT “DRAW A DIRECTED VECTOR FROM
K “IPARTZ (W) 5" TO “JPART%(A) g . "1 PRINT
N 330 NEXT A e
340 NEXT W ‘
380 BFEED= 259 .
360 1F $A = 3 THEN 6A = 01 BOTOD 300 - \
370 PKINT "PRESS ANY KEY TO CONTINUE® 4& .
380 BET 1s ’ .
390 MOME - ,
400 VTAP B: PRINT “CHODSE AN DFTION BELOW® '
410 PRINT .
420 MWTAER S PRINT “§. CREATE A CURRICULUM BEQUENCE"
430 HTAR %1 PRINT “2. RESTART THE: PROGRAM"
/ 440 IF FLAG = § THEN HTAB S1 PRINT “3. PRINTOUT DIRECTED VECTORS": HTAE
S: PRINT “4. QUIT" . ‘ t
4%0 1IF FLAG = O THEN HMTAB 31 PRINT *3. OQUIT" \\\\ ’ .
C 460 BGET T .
470 IF T < 1 OR T > 4 BDTD 460 , .
47% 1F FLAG = O BDTD 483 .
480 ON T 8OTD S00,490,280,12401 REM OPTIONS AVAILABLE WITH PRINTER ON
485 ON T BOTD 500,490,1240: REM OPTIONS AVAILABLE HITH NO PRINTEK
490 PRINT 3 PRINT D8 "RUN MATRIX MALER"
800 1IF, FLAG = O 80TD 520 .
. 910 PRe § .
820 HOME 1 VIAR S ' !
830 PRINT "1F YOU SELEGCI AN OBPJECT]IVE(FOR YOUR"
540 PRINT ~BEQUENCE 16 NOT A LEGITIMATE" .
830 PRINT "TRanSITIfN, YOUR CHOICE WILL BDE" .
840 PRINT "FLABGED/WITH A WHITE BQUAKE TO"
\ S
o : 59
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870 PRINT "REMIND YDU."

860 PKINT 1 PKHINT

%90 PRINT "DURING TH1S SBEQUENCE CREATION ROUTINE," ° e
600 PRINT "AFTER ENTERING AN OBJECTIVE NUMBEK, "

‘610 PRINT "PRESS RETUKN. FOR YES/NO RESPONSES, "

620 PRINT “PRESS ONLY Y DR N. THE ROUTINE WILL"

630 - PRINT "AUTOMATICALLY CONTINUE WITHOUT THE NEED'

640 PRINT "T0 PRESS RETURN." .

6% PRINT 1 PRINT 1 PRINT “PRESS RETURN WHEN YOU ARE READY" '
660 PRINT "TO CONTINUE" .

670 GET-1s

680 HOME

66> FOR 1 = 1 TO N

68 FOR J = 1 TON

8% IF 1 = § AND J = § BGOTO 690

687 BOTO 75¢

690 PRINT “WI1TH WHICH OBJECTIVE DO YOU WANT TO"i PRINT “B8TAKT THE SEQUENC

E”} )

700 INFUT T

710 1F 7 < O OK T > N THEN HOME 1 GOTO 690

720 RMZ(1,1) = T

7%0 PRINT 1 PRINT “THE FOLLOUING TRANS1TIONS ARE ADVISED: "1 PRINT
760 INVERSE

770 FOK COUNT = § TO N

787 IF C%(T7,COUNT) = 3 THEN PRINT COUNT;" i

790 NEXT COUNT .

800 NORMAL

810 PRINT

820 PKINT "WHERE WOULD YOU one 70 TRANSITION™"

830 PRINT "ENTER ZERD TO END THE SEQUENCE. "

040 INFUT W

850 I1F W > N BOTD B84¢

860 IF W = O THEN 1 = Ni1J = Ni GOTO 990 .
870 1F C%(T,W) = 1 BOTU 93% _

@8u  INVERSE J

890 PRINT “THIS TRANSITION 15 OUT OF BEQUENCE"s PRINT “AND NOT ADVISED.":

NORMAL

900 PKINT 1 PRINT "DO YOU BTILL WISH TO CHODSE 1T (Y/N)"

910 BET 1s

€20 IF 28 = “N* THEN 28 = * "3 BOTO 820

930 Is = “"NOSEQ"

935 JF 1 = 1 AND J = ) THEN J = J =+ 1

940 RML(1,J) = W -

950 . IF 28 = “NOSEDQ"” THEN RMX(1,J) = RMA(I,J) <+ 100

960 PRINT '

970 BGOBUK 1140 -

990 T = W .

990 NEXT J RN
1000  NEXT

1010 REM SEQUENCE ENDED

1020 IF FLAG = )} THEN PR® 13

1030 PRINT "MERE 18 THE CURRICULUM SEQUENCE vou MAVE DETERMINED"
1040 SOSUP 1140

1050 PRINT "DD YOU WANT TD CREATE ANOTHER IEDUENCE (Y/N)?2 )
1060 BET 1Is

1080 FOR 1 = 1 TO N

109% FOR'J = 3 TON

1100 RML(1,J) = O

1110 NEXTY.D

1120 NEXT 1

1125 IF Is = "N" 8070 390
, 1130 S0TD ¢80

1140 POR K = 3 TO N

11% PORE = 1 TO N

1160 IF RMAIK,E) ® O THEN E = Ni¥ = N1 8070 1190

1170 IF RMALIK,E) > 100 THEN INVERSE PRINT RMZ(K.E) ~ 1001s NORMAL 1 PRINT

.60
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1187
1190
1200
1210
1220
1226
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
=3 +111

“=>"3s BOTO 1190

PRINT RMYL(K,E) ">,
NEXT E . ‘
NEXT K /s .

PRINT & PRINT -
I8 = % "ypg - 4 o

RE TURN .

HOME 3 VTYAE 6 HYAE 10

PRINT “BYE FOR NOW* .
PRINT s PRINY “T0 RUN THIS AGAIN, TYPE---—*
VTAE 12: MYAE 14 .

INVERSE

PRINY * , " N

HTAE' 14: PRINT * RUN HELLO N\

HYAE 14: PRINT * o

PRINT & PRINT

NORMAL ¢
PRINT 1 PRINT “THEN FPRESS' RETURN®"

END :

s
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